Patients and methods
All children with SC disease between the ages of 2 and I 5 years on the registers of the paediatric and adult sickle cell clinics at the University Hospital of the West Indies were asked to attend for ophthalmoscopic study in April and May, 1973 . Children below the age of 2 years were excluded because of difficulties in cooperation. Of a total of 7 I children older than 2 years, sixty (85 per cent.) attended for examination. Five patients aged 2, 2j, 3, 3j, and 6 years failed to cooperate, and it was impossible to examine one boy aged I I years because of a jerky nystagmus. The age and sex distribution of the remaining 54 children is shown in Table I . (Keith, I968) . Peripheral retinal vessel disease was classified as previously described (Condon and Serjeant, 1972a) .
Eleven children examined 2 years previously and included in an earlier report (Condon and Serjeant, I972a) were re-examined in the present study.
Results
There were no ocular symptoms, but the fundus was abnormal in all cases except two boys aged 7 and I0 years. The pathological findings are summarized in Table II . Welch and Goldberg (1966) were present in four patients (7 per cent.), three of whom were I years old and had severe retinal vessel disease. Peripheral mottled brown areas were seen in twelve patients (22 per cent.), eleven of whom were over io years. These areas develop at the site of previous retinal haemorrhage, and in one case in the present group, a vitreous opacity lay anterior to a mottled area, suggesting a previous retinal haemorrhage. Glistening spots occurred in nine patients (I 7 per cent.), and in five were associated with brown mottled areas. No recent retinal or vitreous haemorrhages were seen in the present group and there were no round red areas. Minute vessel abnormalities, resembling microaneurysms, were seen on the optic disc in four patients (7 per cent.).
ARTERIO-VENOUS ANOMALIES
Abnormal tortuosity of the major vessels at the disc and posterior pole was present in seventeen patients (32 per cent.); this affected the arteries alone in eleven, the veins alone in three, and both in three.
Peripheral arterio-venous anomalies in which the arteriole and vein lay in close proximity but without direct connection were seen in ten patients. True arterio-venous fistulae occurred in nine patients (I 7 per cent.) and were seen either as multiple direct arterio-venous (AV) communications developing at the interface of ischaemic and healthy retina, or as fistulae emanating new vessels at the site of retinitis proliferans. 
Development of changes
In the eleven patients examined 2 years previously it was possible to make some observations on the progression and speed of development of retinal vessel disease. Three patients showed no change over this period, but in the remaining eight there was an increase both in the extent and severity of involvement. Arteriolar occlusions had developed in three patients, and one case with previous occlusions had developed true AV fistulae and RP. In a I 3-year-old girl the number of RP lesions had increased from two to five, and in a is-yearold boy a previous RP lesion had developed vitreo-retinal traction with retinoschisis and localized tears (Figs 3a and b) .
Discussion
In this study severe retinal vessel pathology was strikingly frequent in children with SC disease. Peripheral arteriolar occlusions were noted as early as 6 years of age and retinitis proliferans at 7 years. Clearly the process of small vessel obstruction is well established at this age despite a relative lack of other significant clinical features. The cross-sectional evidence presented in Table I suggests that the degree of peripheral retinal vessel disease increases with age even within these young age groups. This suggestion is supported by our limited longitudinal studies in which eight out of eleven cases previously examined 2 years ago had shown unequivocal progression of retinal vessel disease.
The severity of retinal vessel disease in young children and its apparent rapid rate of progression suggested from this study is at variance with our findings in adults with SC disease. Significant retinal pathology is undoubtedly common among adults with SC disease but has not reached the degree or frequency that might be expected by extrapolations from the observations in childhood. A possible explanation is that the progression of retinal vessel disease is intermittent or may alternate with periods of spontaneous regression. In adults, areas of retinitis proliferans may become spontaneously occluded and infarcted, thus restoring the retinal vasculature to a more normal pattern. However, it is most unlikely that the avascular nature of the peripheral retina is reversible. An alternative possibility is that the progression of retinal vessel disease is truly more rapid in childhood but progresses at a slower rate once the periphery has been rendered generally ischaemic.
In adults with SC disease, the more severe grades of retinal vessel disease were associated with high haemoglobin levels and it was suggested that the higher viscosity in such cases may have been aetiologically related to the development of arteriolar occlusions and retinitis proliferans (Condon and Serjeant, 1972a) . This relationship also appears to apply in childhood. Retinitis proliferans was not present in eleven patients with haemoglobin levels below 10.5 g. but occurred in one out of 29 3 per cent.) of patients with levels between io 6 and i I9 g., and in five out of twelve (42 per cent.) of those with levels above 12 g.
If further studies confirm the role of high haemoglobin levels and the resultant increased viscosity in the genesis of thrombotic lesions in SC disease, it may be considered desirable to maintain lower haemoglobin levels by venesection or the induction of a controlled iron-deficient state. The above findings indicate that any attempts to control the onset and progression of retinal vessel damage in SC disease must be applied in early childhood.
